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Cursory view of input to Design Problem 11.5 may cause one to expect that cross- 
sectional dimensions should enter the onset of the analysis. The actual solution, 
however, quickly dispels such a notion when the radius and wall thickness cancel 
out during the process of deriving the formula for stress. 


CALCULATION OF FREQUENCY 


It was noted in the various sections of this chapter that a number of technical 
decisions in elementary dynamics hinge upon the knowledge of the fundamental 
mode of vibration. The first frequency and the natural period of vibration are 
shown to depend on the deflection of a structural member as indicated by Eqs. (11.1) 
through (11.3). This is an important consideration in dynamic analysis which means 
that the deflection curve under dynamic loading has essentially the same shape as 
that under static conditions. The critical vibrational stress is proportional to the 
maximum amplitude, and the stress during impact can be obtained by multiplying 
the stress under the static application of the load by a deflection ratio such as 
S t /S at . Although a simplification, this theory has served engineering purposes well 
as shown by experiments carried out as far back as 1922 [5]. A more rigorous theory 
of transverse impact, involving local deformations, was developed by Clebsch more 
than 100 years ago. For practical purposes, however, the analysis of impact based 
on the overall deflection mode is still difficult to fault. 

As far as the vibration theory is concerned, the transverse and axial frequencies 
vary as the square of the beam length while the torsional frequency is inversely 
proportional to the length. 

The method of frequency calculation widely used in engineering practice is 
known as the energy method. It works on the premise that in a simple periodic 
motion the maximum values of the kinetic and potential energies of the vibrating 
system are equal. Consequently, when the amplitude of vibration of the component 
or a system is known, the corresponding frequency in a simple periodic motion can 
be found. 

In order to illustrate the practical aspects of this method consider the funda¬ 
mental vibration mode of a cantilever beam. The square of the frequency for the 
uniform beam is 

(11.9) 

The bending moment due to the gravity loading at any arbitrary point x is 
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From Eq. (7.5) we have 



